Introduction
The reduction of unsaturated compounds containing C=C, C=N and C=O bonds is among the most studied and probably the most diversified reactions. There is a large variety of methods to perform the reduction of double bonds. [1] Our work focuses on the asymmetric reduction of the C=O carbonyl group using the hydrosilylation reaction. [2] There is a large interest to develop procedures affording enantiomerically pure secondary alcohols. Their preparation is essential because they are important building blocks in the synthesis of biologically important products. Especially, chiral secondary alcohols are suitable key intermediates for the synthesis of biologically active components and hence have emerged as important targets in the pharmaceutical industry. [3] Iron is one of the most abundant metals on Earth; it is inexpensive, environmentally benign, and relatively nontoxic in comparison with other metals. From a green chemistry point of view, the development of new Fe-catalyzed methods is of great excitement.
[4]
Many catalysts are derived from rare metals, and their price or toxicity prevents their use on an industrial scale. Iron, which is ubiquitous, is thus becoming one of the most versatile transition metals. Various reviews have been published in the field of asymmetric catalysis using iron.
[1c, 5] The asymmetric hydrosilylation of ketones was investigated by Nishiyama using Fe(OAc)2 with chiral tridentate bis(oxazoline) ligands, such as pyridine bis(oxazoline) (pybox-bn), or bis(oxazolinephenyl)amine (bopa) and bis(oxazolinyl)phenyl (phebox) ligands. [6] The synthesis and structural characterization of the first chiral iron complexes prepared from bis(oxazolinyl)phenyl ligands resulting from the oxidative addition of Fe2(CO)9 to 2-bromosubstituted ligands phebox was also disclosed. [7] The corresponding Fe II phebox complex was used in the enantioselective hydrosilylation of ketones. The enantioselectivity of the hydrosilylation of ketones was further improved by ligand design. [8] Bulky substituents on the oxazoline ring led to a higher enantioselectivity (up to 88% ee). unprecedented activity and selectivity. [10] Chirik studied pybox and box ligands for the hydrosilylation reaction of ketones. [11] Following the same synthetic protocol used for the bis(imino)pyridine Fe II dialkyl derivatives, the corresponding pybox and box Fe II dialkyl complexes have been also isolated and characterized. Although high conversions were reported for the hydrosilylation of various ketones, the chiral induction of these systems was rather poor (up to 54% ee). Togni synthesized novel diamine ligands and used them in association with Fe(acac)2 to promote the asymmetric reduction of acetophenone using phenylsilane. [12] Beller developed a highly enantioselective reduction of ketones by selecting (S,S)-Meduphos among a series of phosphine ligands. [13] Hunang developed a series of Fe II complexes of chiral iminopyridineoxazoline (IPO) ligands. [14] The most sterically hindered Fe II catalyst exhibits excellent activity (up to 99% yield) and high enantioselectivity (up to 93% ee) in the asymmetric hydrosilylation of aryl ketones.
Results and discussion
Three novel 6,6′-bis(oxazolinyl)-2,2′- 6,6′-dicarboxy-2,2′-bipyridine acid 6 in a good yield. The resulting dicarboxylic acid 6 was treated with SOCl2 at reflux to give acid chloride 7 in excellent yield. [15a] Condensation of 7 with 2 equivalents of various amino alcohols followed after two days by the addition of SOCl2 at room temperature afforded the corresponding bisamidochlorides 8a-d. The previously described cyclization procedure (NaOH/MeOH) [15a] was employed successfully to prepare bipybox-i-Pr 1a in an excellent yield (Table 1) . Condition: a) 8a, 6 N NaOH, MeOH, 40 °C, 2 days; b) 8b, 6 N NaOH, CH2Cl2, 40 °C, 7 days; c) 8c/8d, NaH Among the salts tested, Fe(OAc)2 was found to be optimal in terms of conversion. The pre-catalyst prepared from FeCl2 (5 mol %) and bipybox-i-Pr 1a (6 mol %) was also tentatively activated using NaBEt3H (10 mol %). [14] The resulting catalytic system was active for the hydrosilylation of acetophenone 9 using several common silanes. After 24 h, the hydrosilylation product was converted to 1-phenylethanol 10 after acidic work up. Ph2SiH2
(2 equiv.) and PhSiH3 (2 equiv.) showed good reactivity, giving 75% and 65% yield, respectively, but no enantioselectivity was observed. We have also checked the effect of AgBF4 (20 mol %) as an additive, [15a] used in the presence of FeCl2 (10 mol %) and bipybox-i-Pr 1a (12 mol %), using Ph2SiH2 (2 equiv.) and PhSiH3 (2 equiv.) as silane sources (65 ºC, 24 h), but no conversion was observed and the unreacted product was recovered.
Conclusions
We have presented efficient protocols for [15]
The amino alcohols were prepared from corresponding commercially available amino acids by using already known procedures. [17] Solvents (THF, CH2Cl2, Et2O, nm, tR = 9.8 min (S), tR = 11.6 min (R).
2,2'-Bipyridine-N,N'-dioxide (3).
[15b]
A solution of 30% aqueous hydrogen peroxide (68 mL) was added dropwise to 2,2′-bipyridine 2 6,6′-Dicyano-2,2′-bipyridine (4). Using a variation of a known procedure, 
6,6′-Bis(ethoxycarbonyl)-2,2′-bipyridine (5).
[15c] To a solution of 6,6′-dicyano-2,2′-bipyridine 4 (7.2 g, 34.7 mmol) in ethanol (140 mL), concentrated sulfuric acid (63 mL) was added dropwise. The reaction mixture was heated to reflux for 2 days. The solution was then poured over ice (30 g) and stirred for 2 h, then extracted with dichloromethane (3 x 6,6′-Dicarboxy-2,2′-bipyridine acid (6). 2,2′-Bipyridine-6,6′-dicarbonyl chloride (7). [15a] 2,2′-Bipyridine-6,6′-dicarboxylic acid 6 (6.1 g, 24.9 mmol) was treated with distilled SOCl2 (120 mL) at reflux for 17 h. Excess of 
6,6′-Bis(4-(S)-isopropyloxazolin-2-y1)-2,2′-bipyridine (1a)
. [15a] To a solution of the N6,N6'- 
